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Abstract 
The aim of the paper is to highlight the problem of the seeming air tightness of construction partitions in buildings. 
In many cases, construction partitions meet the criteria for required air tightness. There are no cross air channel 
flows through a building envelope, and the Blower Door test is positive, which points to an airtight construction, but 
the building demands more heat than that due to calculations. The reason for this problem is in wind washing the 
porous and fibrous materials embedded in the building envelope. Seeming air tightness may be one of the most 
important reasons why, in construction partitions with the required thickness of thermal insulation, the heat transfer 
coefficient exceeds the limit value. 
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1. Introduction
In many buildings the value of the heat transfer coefficient of the building envelope is significantly higher than
the results of thermal calculations based on the thickness and thermal conductivity of embedded materials. As 
observed by the authors, the main reason for this phenomenon is the wind washing the porous thermal insulation. 
This special kind of air filtration applies particularly to traditional lightweight construction, but occurs in 
heavyweight construction as well. What is important is that air sealing of the building envelope from the inside of 
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the building partitions does not guarantee that the heat transfer coefficient of the envelope will meet the energy 
conservation criteria. 
Nomenclature 
ȡU Internal energy density [J/m3] 
Ȝ Heat conduction coefficient [W/(m·K)] 
ț Air permeability coefficient [m2] 
cp Specific heat of dry air [J/(kg·K)] 
ǻT Temperature difference [K] 
Ȟ Kinematic viscosity [m2/s] 
∇p Pressure gradient [Pa/m] 
ȡ Dry air density [kg/m3] 
g Gravity acceleration [m/s2] 
ȡr Internal heat source density [W/m3] 
The results of pressure air tightness measurements performed after the installation of the inner air barrier give no 
reliable knowledge about the air tightness of the whole building envelope. The required air tightness can be ensured 
by continuous layers of materials located directly on the inner surface of the building partitions. These are mostly 
sheathing plates like gypsum board and plywood, or film materials like a vapor barrier membrane. If the inner layers 
are set up continuously, the air tightness test can give a satisfactory result, despite the fact that the entire layer of 
thermal insulation is unprotected or only partly protected against wind washing. We can call this phenomenon a 
seeming air tightness of the building envelope. The seeming air tightness occurs particularly within commercial lofts 
and attics. Technical solutions exist which do not include a wind barrier in the partitions, and this does not result 
solely from the poor knowledge or lack of knowledge of engineers and designers. These technical solutions often 
take place in buildings adapted for utility purposes, subjected to monument conservation protection. Complex roof 
trusses, as well as the need for installing roof windows, are the typical obstacles which reduce the possibilities of the 
modernization of lofts and attics. This situation, through non-use or only partial implementation of the wind barrier, 
often leads to an inadvertent reduction of building envelope thermal properties. What is also important to assume is 
that as a result of the materials’ and workmanships’ imperfections, the inner air barrier may not be continuous. 
At this point an important question appears: 'how big is the value of the heat transfer coefficient which 
corresponds to the seeming air tightness of the partition?'. This question will appear often during heat calculations. 
The air tightness of building constructions is a technical and scientific problem which has been appearing in 
many publications. Studies on the influence of cracks occurring in the building envelope on the building’s air 
condition were conducted as early as in the 1920s by Japanese scientists. Up to today, a number of studies on air 
filtration through the building envelope have been carried out. Most of the international and Polish works involve air 
exchange and ventilation heat loss in buildings [1]. Many works focus on moisture problems in building partitions 
due to air filtration. Detailed descriptions of this moisture mechanism are described in works [2, 3]. Less common 
are works focusing on heat loss by forced convection resulting from the air filtration through building partitions. 
Belleudy et al. [4] created a heat-airflow model for simulating the effects of air leakage on the temperature field 
in cellulosic fiber insulation. Their results confirm that the infiltration has a significant impact on the distribution of 
the temperature field and moisture in insulation. Økland proved that natural convection in a thick layer of insulation 
can contribute to an increase of 300% of the heat flow through the building envelope [5]. Deseyve and Bednar [6] 
have studied the impact of air flow through the ventilation gap on heat transfer in a roof insulated with mineral wool. 
They proved that at 7 m/s wind speed results in a 5 °C lowering of the temperature of the inner surface of the roof. 
5 m/s wind speed can increase heat transfer through a roof by 9 times. These works concern the same problem as 
described in the introduction - the seeming air tightness of building partitions. Wind barrier installation may solve 
the problem of the seeming air tightness. Although in the case of new buildings wind barrier requirements are well 
understood, the use of a wind barrier in existing buildings may not be feasible. An overview of wind barriers appears 
in many works, including [7, 8]. The question of whether and how to calculate the heat loss resulting from wind 
washing remains open. 
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2. In situ Measurements
In recent years, dozens of cases have been investigated where building residents have reported problems of
significant decreases in internal temperature during windy winter days. A standard case - a 3-storey building built in 
traditional technology from the 1930s was examined in detail due to hypothermia during winter weather. In this 
building, after many years of exploitation, the attic was adapted for utility purposes (Fig. 1 a, b). The knee and 
interior walls, as well as a ceiling of the attic were made in the lightweight steel skeleton technology. The sheathing 
was made of gypsum boards, while the thermal insulation consisted of loose mineral wool. On the internal side, 
between the boards and thermal insulation, a polyethylene film was installed, mainly as a vapor retarder. On the 
external side of the roof a partial wind retarder was installed, made of a 1.5 m-wide polypropylene membrane 
(without glued connections), while the knee wall construction did not include wind prevention layers. 
Fig. 1. The described building: (a) cross section of the whole building with a selected part of the analyzed attic, (b) the selected part of the attic, 
(c) the problematic area of the attic knee walls, (d) thermogram of the problematic area , ti=18.8°C, te =-8.6°C. 
The air tightness of the attic was measured using the Blower Door test, corresponding to standard EN 13829 [9]. 
The achieved n50 was lower than 3.0 (h-1) for method B, which is claimed in Polish regulations. No leakages 
between sheathing boards were found, which shows a continuous sheath of polyethylene film. Leakages occurred at 
the electrical outlets area. The temperature of filtrating air was lower than interior air, which indicated infiltration 
from the environment. A Flir B335 infrared camera with 50 mK thermal sensitivity was used to assess the thermal 
quality of the whole attic envelope. IR measurements (Fig. 1 d) revealed the problem of wind washing, although the 
Blower Door test indicated a continuous polyethylene film. IR analysis, based on surface and surrounding air 
temperature comparison, revealed a 75% reduction of heat resistance of the measured partition, which can be 
translated into a 4 fold increase of the heat transfer coefficient. 
3. Laboratory set up
A laboratory investigation was based on the results of measurements performed in existing buildings. For this
purpose, at the building physics laboratory at the University of Warmia and Mazury in Olsztyn, a special non-
isothermal climatic chamber was constructed. This chamber allows the measurement of air filtration impact on heat 
transfer through building elements. Samples of natural dimensions are mounted in an inspection frame between hot 
and cold sections of the chamber. In the cold part an air supply system of adjustable power is used to generate wind. 
A few wall models corresponding to existing buildings were investigated. Two of them are presented in the work. 
The first model (Fig. 2 c) – frame partition, gypsum cardboards (1.25 cm) on the internal side, insulation (12.5 cm) 
made of loose mineral wool with a density of 118 kg/m3. The second model (Fig. 2 d) – the same layers as the 1st, 
but with an additional poor wind barrier made of a polypropylene membrane on the exterior side. The membrane 
junction is not connected or glued, and is placed at the level of sensors U 1,2,3 (Fig. 2 a). The specimens meet the 
criteria of the seeming air tightness – the continuous air barrier on the internal side, but the thermal insulation was 
wind washed. These two models correspond to the building described in the previous chapter. 
Gypsum cardboards were painted with acrylic paint to obtain the emissivity İ = 0.97. Heat flux sensors, 
thermocouples and thermal anemometers were placed on the wall surfaces. The Almemo system was used to 
measure and record the thermal parameters. During the research, the heat flux density (according to ISO 9869) and 
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the temperature changes were registered in a function of wind speed. Two considered measurements areas 
(250 x 250 mm) are presented on Fig. 2 b. The 3rd area is placed at the level of a leaky connection of the windproof 
membrane (480 mm from the left and 240 mm from the upper edge of the specimen) while the 5th is placed at a 
distance from this connection (230 mm from the left and 770 mm from the upper edge). Four wind speeds 
corresponding to average local windy conditions were generated (0.46 m/s, 1.43 m/s, 2.36 m/s, 3.24 m/s). Thermal 
changes were converted to thermal resistance changes. Simultaneously, infrared radiation emitted by the test 
specimen was being detected by the FLIR scientific camera SC7200 with a thermal sensitivity of 17 mK. IR 
measurements performed before generating the wind and during the wind showed the thermal changes in the 
specimen under windy conditions. 
Fig. 2. Schematic representation of the laboratory set-up: (a) cross section of the climatic chamber with a mounted specimen, (b) view of the 
inner surface of the wall specimen, (c-d) cross sections of the specimen, 1 – loose mineral wool, 2 – gypsum board, 3 – partial wind barrier. 
4. Results
Fig. 3. Changes of thermal resistance at constant wind speeds registered for the 3rd and 5th measurement area for both models. 
In Fig. 3 are presented the results of the variability of the thermal resistance of two models differing in wind 
protection. The base thermal resistance measured for no wind conditions was about 4.00 (m2⋅K)/W, which may be 
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due to the natural compression of loose insulation. Basing on the presented results it is possible to assume that in the 
case of the 1st model, changes of the thermal resistance are similar in both areas (3rd and 5th). There is a difference in 
the 2nd model, where changes in the 3rd area, which is situated closer to the membrane connection, are rapider than in 
the 5th. A big difference is the variation of the thermal resistance reduction during the first 40 minutes of the 
experiment. It results in the entire reduction of the thermal properties of the specimen for the 5th area. 
On the basis of heat flux and IR measurements it was possible to conclude that the reduction of the thermal 
resistance of building partitions increases proportionally to the wind speed. For measured max wind speed, the 
thermal resistance reduction reaches 80÷87% for the 1st model and 46÷73% for the 2nd. The differences for the 2nd
model depend on the distance between air leakage and the measured area. The small difference in results between in 
situ and lab measurements may be caused by the age of the thermal insulation. In existing partitions, where the 
layers are still exposed to wind washing, the thermal behavior may vary a little from the equivalent lab model. 
5. Delphin Simulation
The thermal simulations were performed to emphasize the experimental data. The simulations were performed
using the Control Volume Method in the Delphin 5.8 software, steady state conditions with and without wind 
washing the thermal insulation. Physical data for the simulation, as well as temperature difference and wind speed, 
were adopted on the basis of laboratory measurements. The physical properties of materials are presented in table 1. 
A computational model was adopted on the basis of heat conduction in a rigid heat conductor including air filtration, 
similar to [11]. The energy balance based phenomenon was described by the differential equation (1). 
( ) ( )pc TU dV T p g r
t
ρ λ κ ρ ρ
ν
Δ∂ § ·
= ∇ ⋅ ∇ + ∇ + +¨ ¸∂ © ¹
(1) 
Table 1. Physical properties of materials used in the simulation 
Material d (m) Ȝ (W/(m·K)) ț (m2) 
Gypsum board 0.0125 0.1703 - 
Loose mineral wool 118 kg/m3 0.125 0.0361 2.37E-5 
Fig. 4. The simulation model (a) cross section, (b) temperature legend, (c) results for thermal equilibrium without filtration, (d) air filtration effect 
(e) effect of the local discontinuities in sticking between mineral wool fibers.
Boundary conditions, the same as in the 1st model of the laboratory set up, ti = 22.64°C, te = 1.17°C, wind speed 
v = 3.24 m/s correspond to the differential pressure of 6.44 Pa. The simulation was performed for the case with no 
wind barrier model (Fig. 4 a). After the simulation, the model achieved thermodynamic equilibrium (Fig. 4 c) under 
windless conditions, and it started to get loaded with windy conditions at a constant wind speed of 3.24 m/s. Under 
these conditions, the temperature difference on the model surface corresponds to a 23% decrease of the thermal 
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resistance of the partition (Fig. 4 d). In the next step the simulation model was modified by inserting in the thermal 
insulation thin 2 mm gaps with a length less than the width of the partition. This modification corresponds to local 
discontinuities in adhesion between fibers of the insulation. For the modified model, the reduction of the thermal 
resistance (Fig. 4 e) was already 68%, which is closer to the results achieved during the laboratory experiment. 
6. Conclusions
The results of the laboratory and in situ measurements, as well as the numerical simulation, highlight the scale of
the problem of heat losses due to wind washing fibrous insulations. Many partitions meet the criteria of air tightness 
while there is no cross air flow through a partition, but unless there is no wind protection, such a partition should be 
classified as seeming air tight. Experimental results are similar to corresponding studies carried out in the existing 
building described in the 2nd section. In the existing building the maximal reduction of thermal resistance was 75%, 
while in the laboratory set up it was 80÷87% (including heat transfer on the windward surface). The partial wind 
barrier causes a minimal reduction of heat losses due to air filtration in the partition, though only fully sheltered 
areas of partition are characterized by lower heat losses. However, considering the small width (1.5 m) of the wind 
barrier membranes there might be multidirectional air flows which will result in forced convection in the insulation. 
The results of the numerical simulation for the model presented in Fig. 4a significantly deviate from the results 
achieved in the laboratory set up. However, the modification of the model through decomposition of loose insulation 
material by adding an empty area corresponding to local discontinuities of material brings the expected results of 
a larger thermal resistance reduction. It seems that this decomposition should be considered while computing the 
thermal behavior of loose fiber insulations. The stationary methods for measuring the thermal properties of 
partitions do not cover the whole problematic area of the specimen, but only selected areas. Dynamic infrared 
detection proved to be the only effective method of identifying areas thermally changed due to the air filtration. 
According to the study, calculation of heat transfer through seeming air tight building partitions insulated with 
loose fibrous materials should not be based only on the thickness and thermal conductivity of embedded materials. 
The results presented in the paper indicate that the thermal resistance of such partitions is reduced down to 87% with 
an absence of wind protection, and 73% with partial wind protection. It is recommended to consider these values 
while computing the heat transfer coefficient.  
Currently studies with other types of partitions varying the insulation density and wind protection are being 
continued in the laboratory. The statistical analysis will result in physical formulas for calculating thermal resistance 
in cases of wind conditions. 
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